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[57] ABSTRACT

In a method of manufacturing a magneto-optic record-
ing film wherein a vertically magnetized film of a Bi-
substituted rare-earth iron garnet is formed on a sub-
strate, a target consisting of an oxide containing at least
Bi atoms, Fe atoms and rare-earth element atoms is
sputtered, and the atoms constituting the oxide which
are released from the target by sputtering are deposited
on the substrate which is held at a temperature of 700°
C. or lower, thereby forming the vertically magnetized

film consisting of the Bi-substituted rare-earth iron gar-
net.

204/192 M

With this method, a vertically magnetized film of a
Bi-substituted rare-earth iron garnet having a large Bi
substitution amount x, a very large Faraday rotation
angle Or, a sufficiently large coercive force H, and a
sufficiently small absorption coefficient a can be manu-
factured, so that a magneto-optic recording film having
excellent magneto-optic recording characteristics can
be manufactured. In addition, since the material of the
substrate on which a magneto-optic recording film is
formed can be selected from -various materials, the
method is extremely advantageous from the manufac-
turing point of view.

15 Claims, 14 Drawing Figures
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METHOD OF MANUFACTURING
MAGNETO-OPTIC RECORDING FILM

TECHNICAL FIELD

The present invention relates to a method of manu-
facturing a magneto-optic recording film wherein a
Bi-substituted rare-earth iron garnet film with an easy
axis of magnetization normal to the film plane is formed
~ on a substrate (hereafter, the vertically magnetized film

denotes the film with an easy axis of magnetization
normal to the film plane).

BACKGROUND ART

Iron garnet R3;_,Bi,(Fe, M)sO1> obtained by substi-
tuting Bi for R in a rare-earth iron garnet Ri(Fe,
M)s012is recently receiving much attention as a magne-
to-optic recording material. Note that in the above
formulae, R is a rare-earth element, and M is an atom
having a valence of 3 or a group of atoms having a
valence equivalent to a valence of 3 such as Al3+,
Ga’+, Sc3+, T3+, (Co2++Ti4+) or the like. In the
Bi-substituted rare-earth iron garnet, since some Rs are
substituted with Bi, the Faraday rotation angle 6 can
be increased without much increasing the absorption
coefficient a and, therefore, this material is generally an
excellent magneto-optic recording material.

In order to improve performance of a magneto-optic
material of the Bi-substituted rare-earth iron garnet
having such a property, the Bi substitution amount x
must be increased, which results in the increase of the
Faraday rotation angle 6. Conventionally, in a sintered
ceramics of a rare-earth iron garnet, the Bi solid solu-
tion limit is known to be 50% of the dodecahedral site
of the crystal structure. So monocrystalline films having

10

15

20

25

30

35

a large Bi substitution amount x have been studied inten- |

sively.

A highly Bi-substituted rare-earth iron garnet thin
film as described above is normally manufactured by
the liquid phase epitaxy (LPE) method: as described,
e.g.,inJJ. A. P, 19, 2105 (1980). However, a magnetic
thin film manufactured by the liquid phase epitaxy
method, wherein the film composition is Big¢Smi2Er; .

2

film which is free from the above-mentioned drawbacks
of the conventional methods.

In the conventional LPE method, a thin film must be
grown at a high temperature of about 800° C. However,
since the vapor pressure of Bi is extremely high, i.e.,
about 1 Torr, Bi is selectively vaporized from the melt
during thin film formation by the LPE method. In view
of this problem, the present inVention is based on the
concept that the LPE method is not suitable for forming
a thin film of a Bi-substituted rare-earth iron garnet
containing a high concentration of Bi. According to the
estimation made by the present inventors, the Bi substi-
tution amount x in a monocrystalline thin film which
has been formed so far by conventional LPE methods
using a GGG substrate is at best about 20% of the do-

‘decahedral site of the rare-earth iron garnet.

In a method of manufacturing a magneto-optic re-
cordmng film wherein a vertically magnetized film of a
Bi-substituted rare-earth iron garnet is formed on a
substrate, a method in the present invention is charac-
terized in that a target consisting of an oxide containing
at least Bi atoms, Fe atoms and rare-earth element atoms
is sputtered, and the atoms constituting the oxide which
are released from the target by sputtering are deposited
on the substrate held at a temperature of 700° C. or
lower, thereby forming the vertically magnetized film
of the Bi-substituted rare-earth iron garnet. With this

method, a vertically magnetized film of a Bi-substituted

rare-earth iron garnet having a large Bi substitution
amount X, a very large Faraday rotation angle 6f, a
sufficiently large coercive force H, and a sufficiently
small absorption coefficient a can be manufactured, so
that a film having excellent magneto-optic recording
characteristics can be manufactured. In addition, since

the material of the substrate on which a magneto-optic
recording film is formed can be selected from various
materials, the method is extremely advantageous from

- the manufacturing point of view.

2(xa1 oFe4.0012 has a small Faraday rotation angle 6 of 45

about 2.4 degree/um at a light wavelength A =500 nm

at which the Faraday rotation angle is expected to be -

maximum value. Such a small Faraday rotation angle is
impractical. | |

Further, in LPE method, a Bi-substituted rare-earth
iron garnet film must be formed on a single crystal
substrate  such as gadolinium gallium garnet
Gd3GasOi2 (to be referred to as a GGG substrate here-
after) which is high is cost. However, a method capable
of forming a highly Bi-substituted rare-earth iron garnet
~thin film on an amorphous substrate such as a glass
substrate which has a high productivity has been de-
sired. Although various studies have been made to pro-
vide such a method, a Bi-substituted rare-earth iron
garnet thin film formed on an amorphous substrate
obtained so far has been a polycrystalline film having a
magnetization parallel to the film plane. A vertically

magnetized film desired as a magneto-optic recording
material has not yet been obtained.

DISCLOSURE OF INVENTION

An object of the present invention is to provide a
method of manufacturing a magneto-optic recording

30
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Examples of the target consisting of an oxide contain-
ing at least Bi atoms, Fe atoms and rare-earth element
atoms include targets having a general formula (Bi-
203)x(R203),(Fe03),(M203), wherein 0<x=3/ 2,
0<y=3/2,0<2<5/2,and 0=u=5/2, R is a rare-earth
element such as Y or Sm, and M is A3+, Ga3+, Sc3+,
T3+, (Co2+ +Ti4+) or the like.

Of such targets, a target wherein 0<Y=3/2, 1 < (%)x-
+vy=3/2,3/2<2z=5/2, and z+u=5/2 is preferable.

Although a sintered ceramics which is easy to handle
is preferable as the target, the target 1s not limited to a
sintered ceramics. A mixture containing elements of the
above formula can be used instead.

In order to form a thin film of a Bi-substituted rare-
earth iron garnet having a single phase garnet structure
by the above-mentioned sputtering method, the thin
film composition must have a general formula
Bi,Rs(Fe, M)sO12 (0<a=3,2<a+b=3).Ifa+bis?2or
less, too many defects are formed and a single phase
garnet structure cannot be obtained. On the other hand
a thin film formed by the sputtering method has a Bi
content lower than that of the target due to scattering of
Bi during sputtering. Under the sputtering conditions
performed by the present inventors, the amount of Bi in
the formed film is estimated to be about % of that in the
target.

Since a thin film containing a large amount of Bi can
be formed by using a target containing a larger amount
of Bi, in order to form a thin film containing a larger
amount of Bi than a solid solution limit so far reported,
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3
a target containing a large amount of B4, e.g., B1;Ry{(Fe,
M)sO12(1.5<a=9/2, 2<(8) a-+b=3) is preferably
used. When a target having the above composition 1is
formed into a polycrystalline sintered ceramics, it will

not consist of a single phase garnet structure but will be 5

mixture consisting of both the garnet phase and other

impurity phases. However, such a target is preferably
used since it has a high Bi content. In particular, the Bi
substitution amount x is preferably 2 or more.
According to a method of manufacturing a magneto-
optic recording film of the present invention, the target
is sputtered and the atoms constituting the target are
deposited on a substrate which is kept at a temperature
of 700° C. or lower. When the substrate is kept at a

10

temperature higher than 700° C., the vapor pressure of 15

Bi 1s too high that a thin film having a large Bi substitu-
tion amount x as an objective of the present invention
cannot be obtained.

Describing the method of manufacturing a magneto-
optic recording film according to the present invention
in more detail, the method is classified into the follow-
ing two cases depending upon the material of a substrate
used for forming a magneto-optic recording film and
the properties of the thin film. In the first case, a (111)
oriented GGG substrate 1s used as a substrate and a
monocrystalline thin film of a Bi-substituted rare-earth
iron garnet is formed on this substrate. In the second
case, any substrate including an amorphous substrate
such as glass or the like is used, and a vertically magne-
tized film of a Bi-substituted rare-earth iron garnet is
formed on the substrate.

When a monocrystalline thin film is formed on a
‘GGG substrate, the substrate must be kept at a tempera-
ture of 350° to 700° C. When the substrate temperature
is lower than 350° C., the thin film formed will be amor-
phous and a monocrystalline thin film cannot be ob-
‘tained. When a target represented by BizRy(Fe, M)sO13
(O<a=9/2, 2<(%)a+b=3) or the like 1s sputtered, a
- monocrystalline thin film of a Bi-substituted rare-earth
1ron garnet can be formed. In order to obtain better

‘magnetic characteristics of the monocrystalline thin
film, a heat-treatment such as re-heating or gradual
cooling can be performed.

When any substrate including an amorphous sub-
strate such as glass or metal, semiconductor, insulator is
used, the vertically magnetized film of the polycrystal-
line Bi-substituted rare-earth iron garnet is obtained
through crystallization by annealing of the amorphous
film deposited on the substrate kept at 500° C. or lower.
Herein, the amorphous film must have a composition
corresponding to that of a Bi-substituted rare-earth iron
garnet.

When sputtering on any substrate other than the
above monocrystalline substrate (e.g., glass substrate) is
performed at a substrate temperature higher than 500°
C., an amorphous thin film cannot be obtained, and a
crystalline magnetic thin film having a roughened sur-
face 1s directly formed. However, when an amorphous
thin film is formed and 1s then annealed to crystallize the
film, a polycrystalline vertically magnetized film of a
Bi-substituted rare-earth iron garnet film with magnetic
anisotropy perpendicular to the film plane which has
less surface roughness can be formed. |

Describing in more detail, the method of manufactur-
ing a polycrystalline vertically magnetized film of a
Bi-substituted rare-earth iron garnet film with magnetic
anisotropy perpendicular to the film plane includes the
following two cases; the case of forming a protective
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4

film after forming the amorphous thin film and the case
of not forming such a protective film.
When annealing is performed without forming a pro-

tective film on the amorphous thin film, the substrate
temperature during formation of the amorphous thin

film is preferably kept at 300° to 500° C. and more pref-
erably at 400° to 450° C. An amorphous thin_film
formed at a substrate temperature lower than 300° C.
tends to result in a magnetic thin film which develops
surface roughness upon annealing and is not preferable.

When a protective film is formed on the amorphous
thin film as described above, surface roughness upon
crystallization by annealing and vaporization of Bi are
prevented, and a vertically magnetized film having a
smoother surface can be formed.

The substrate temperature must be 500° C. or lower
for the reasons described above. The protective film can
be selected from various films which do not react with
a formed thin film at an annealing temperature of, e.g.,
about 700° C. Examples of such films may include oxide
films such as SiOj;, ZnO, TiQ; or CeOy, nitride films
such as S13N4, and fluoride films such as BaF», or Cal».
The thickness of the protective film must be 500 A or
more. | |

Annealing for crystallizing the amorphous thin film is
preferably performed at a temperature of 500° to 900°
C. When the annealing temperature is lower than 500°

C., crystallization cannot be easily started, which is not

desirable. However, when the annealing temperature is
higher than 900° C., vaporization of Bi may occur and
a reaction between the substrate and the thin film may
occur, which 1s not desirable.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 11s a sectional view showing a first embodiment
of the present invention together with an RF sputtering
apparatus used 1n this embodiment.

FIGS. 2 and 3 are graphs showing the substrate tem-

perature dependence of the Faraday rotation angle 8

and the coercive force H,, respectively, of (Y, Bi)3(Fe,
Al)sO12 monocrystalline thin film manufactured by the
first embodiment of the present invention.

FIGS. 4 and S are graphs showing the light wave-
length dependence of the Faraday rotation angle 6 g for
samples 5 and 3 shown in FIGS. 2 and 3, respectively.

FIG. 6 is a graph showing the light wavelength de-
pendence of an absorption coefficient a for sample 5
shown in FIGS. 2 and 3. )

FIG. 7 1s a graph showing the temperature depen-
dence of the Faraday rotation angle @f for sample §
shown 1n FIGS. 2 and 3.

FIG. 8 is a graph showing the hysteresis characteris-
tics for sample 4 shown in FIGS. 2 and 3.

FIGS. 9 to 11 are graphs showing the hysteresis char-
acteristics for sample S shown in FIGS. 2 and 3 for three
different thicknesses thereof.

FIG. 12 is a sectional view showing a second embodi-
ment according to the present invention together with
an RF sputtering apparatus used in this embodiment.

F1G. 13 1s a graph showing the hysteresis characteris-
tics of a (Y, B1)3(Fe, Al)501; thin film manufactured by
the second embodiment of the present invention.

FIG. 14 1s a sectional view showing a third embodi-
ment of the present invention together with an RF
sputtering apparatus used in this embodiment.
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BEST MODE OF CARRYING OUT THE
INVENTION

A method of manufacturing a magneto-optic record-
ing film according to the present invention will be de-

scribed with reference to embodiments applied to the

manufacture of a thin film of a Bi-substituted rare-earth
iron garnet represented by (Y, Bi)3(Fe, Al)sOj3, refer-
ring to the accompanying drawings. (Y, Bi)3;(Fe, Al-
5012 1s obtained by partially substituting Y in a yttrium

iron garnet Y3FesO12 (YIG) with Bi and partially sub-

stituting Fe thereof with Al. When Y is partially substi-
tuted with Bi, the Faraday rotation angle 6 can be
increased without much increasing the absorption coef-
ficient a. When Fe is partially substituted with Al, the
absorption coefficient a and Curie temperature can be
decreased, and the saturation magnefization can be re-
duced to allow easy manufacture of a vertically magne-
tized film.

The first embodiment of the present invention will
now be described with reference to FIG. 1.

Referring to FIG. 1, a (111) oriented monocrystalline
GGG substrate 2 i1s placed on a stainless steel electrode
plate 1 also serving as a sample table of an RF sputtering
apparatus. A target 4 1s mounted on an electrode plate 3.
The target 4 is a sintered ceramics disk of a polycrystal-
-~ line iron garnet (a composition: Biz oY 1.0Fe3.8A11.2012)
with other impurity phases. Since a heater 5 is mounted
on the electrode plate 1, the GGG substrate 2 is heated

to a predetermined temperature by the heater 5 through

the electrode plate 1.

After the interior of the sputtering apparatus is evacu-
ated to a predetermined degree of vacuum, a mixture
gas of Ar and O3 (Ar:03=9:1) 1s supplied into the sput-
tering apparatus to a pressure of about 7 Pa. When the
degree of vacuum 1s stabilized, a predetermined RF
voltage 1s applied between the electrode plates 1 and 3
80 as to start glow discharge. Ar+ ions generated by
- discharge sputter the surface of the target 4, and this

_.-sputtering releases atoms such as Bi, Y, Fe, Al and O

from the target 4. The released atoms are deposited on
the GGG substrate 2 which is heated to the predeter-
mined temperature, and a monocrystalline thin film 6 of
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(Y, Bi)i(Fe, Al)sO13 is epitaxially grown on the GGG 45

substrate 2. When the sputtering power was 110 W and

the sputtering time was 5 hours, the obtained thin film 6
had a thickness of 1.5 um.

The thin film 6 is annealed together with the GGG

substrate 2 having the film 6 thereon under predeter-
mined conditions so as to remove strain in the thin film
6. X-ray diffractometry of the thin film 6 thus obtained
revealed that the film 6 was monocrystalline.

When the monocrystalline thin film 6 manufactured
in the first embodiment was observed through an opti-
cal microscope, 1t had an arabesque magnetic domain
structure and was proved to be an excellent magnetic
thin film having superior characteristics as shown in
FIGS. 2 to 11. The measurement results will sequen-
tially be described hereinbelow. When the Faraday
rotation angle 6r shown in FIGS. 2 and 7 to 11 was
measured, a He-Ne laser (wavelength: 6328 A) was used
as a light source. Measurement was performed by trans-
mitting light through the thin film 6. Measurement of
the Curie point shown in FIG. 7 was performed for a
sample having a three-layered structure consisting of a
GGG substrate 2 having an Al film as a reflecting film
on a thin film 6.

50

55

65

6
FIGS. 2 and 3 are graphs showing the Faraday rota-

tion angle @ and the coercive force H, of thin films 6
(respective samples are represented by reference nu-
merals 1 to 6, respectively) manufactured at respective
substrate temperatures of 420° C., 470° C., 490° C., 510°
C., 550° C. and 620° C. As shown in FIG. 2, the thin
films 6 manufactured on the GGG substrate 2 at 420° to

620° C. had Faraday rotation angles 6 of 1 to 2.75
degree after annealing. Annealing was performed in air
at 640° C. for 5 hours for samples 1 and 2 and at 740° C.
for 5 hours for samples 3 to 6. The Faraday rotation
angles O of the thin films 6 manufactured in this em-
bodiment are considerably larger than that of a Bi-sub-
stituted rare-earth iron garnet thin film manufactured

by the above-mentioned LPE method, i.e., about 0.5
degree.

Measurement of the crystal lattice constant of the

thin films 6 by X-rays revealed that the thin films 6 of
the embodiment had a Bi content up to a solid solution
limit (50% of the dodecahedral site). Therefore, it was
found that a large Faraday rotation angle 60r was ob-
tained by substitution with a large amount of Bi.

The thin films 6 according to the embodiment of the
present invention had coercive forces H, as high as 140
to 350 Oe, as shown in FIG. 3.

FIGS. 2 and 3 show the Faraday rotation angle 0
and the coercive force H. of each as-sputtered film 6
together with the data of the Faraday rotation angle 67
and the coercive force H, of the film 6 after annealing.
Among the samples shown in FIGS. 2 and 3, sample 6
(substrate temperature: 620° C.) had a film thickness of
2.0 um (sputtering time: 7 hours), and remaining five
samples (substrate temperatures: 420° to 550° C.) had a
thickness of 1.5 pum.

FIG. 4 shows the light wavelength dependece of the
Faraday rotation angle 0 rof sample 5 (substrate temper-
ature: 550° C.), and FIG. § shows the light wavelength
dependence of the Faraday rotation angle 8Fr of sample
3 (substrate temperature: 490° C.). As can be seen from
these graphs, the Faraday rotation angle 6rin the range
of A=0.4 t0 0.7 um is 1 to 10 degree for sample 5 and 1
to 20 degree for sample 3 after annealing; these values
are very large. For both the samples, it can be seen that
the Faraday rotation angle @r1s very large near a wave-
length of 0.5 um. FIG. 4 also shows the measurement
result of the as-sputtered film 6 for comparison.

FIG. 6 shows the wavelength dependence of the

- absorption coefficient a of the thin film 6 (sample 5). It

can be seen from FIG. 6 that the absorption coefficient
a of sample 5§ is sufficiently small for visible light having
a wavelength of 0.55 pum or more; the thin film 6 is
substantially transparent to light in this wavelength
range and has an absorption edge near 0.5 um.

FIG. 7 shows temperature dependence of the Fara-
day rotation angle 6 rfor sample 5. It is seen from FIG.
7 that the Faraday rotation angle 8 rof sample 5 monot-
onously decreases with an increase in temperature T
from room temperature to about 170° C. FIG. 7 also
indicates that the Curie temperature T, is 164° C. The
slow change in the Faraday rotation angle 6 pat temper-
ature T=160°" to 200° C. may be attributed to the resid-
ual strain and random arrangement of Fe and Al atoms
in the thin film 6.

FIG. 8 shows the hysteresis characteristics of the
Faraday rotation angle 8 of sample 4 (substrate temper-
ature: 510° C.) as a function of a magnetic field H ap-
plied along a direction perpendicular to the film plane.
As can be seen from this figure, the hysteresis character-
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istics change before and after annealing and the Faraday
rotation angle 6rincreases after annealing.

FIGS. 9 to 11 show the hysteresis characteristics of
the thin film 6 of sample 5 after annealin g, for three
different film thicknesses, at the central portion (film

thickness: 1.5 um) and this peripheral portions (film
thicknesses: 1.2 um and 0.9 um), 1.e., 1.5, 1.2 and 0.9
pm. It can be seen from these figures that the smaller
the film thickness, the better the squareness of the loop,
and especially when the film thickness is 1 um or less,
the film exhibits particularly preferable hysteresis char-
acteristics for magneto-optic recording applications.

As can be seen from the above results, the (F, Bi)s3(Fe,
Al)sO12 monocrystalline thin film 6 manufactured in the
first embodiment has a very large Faraday rotation
angle O, a sufficiently large coercive force H, and a
very small absorption coefficient a, thereby providing
highly desirable properties as a magneto-optic record-
ing material. |

The second embodiment of the present invention will
now be described with reference to FIG. 12.

First, as shown in FIG. 12, an amorphous quartz glass
15 used as the substrate 7, and is heated to 440° C. A
target 4 similar to that of the first embodiment is used,
and the target 4 1s sputtered under similar conditions to
those in the first embodiment, thereby forming (Y,
Bi)3(Fe, Al)sO12 thin film 6 on the quartz glass substrate
7. When the sputtering power was 110 W and the sput-
tering time was 2 hours and a half, the obtained thin film
6 had a thickness of 0.8 um.

The thin film 6 obtained in this manner was annealed
n air at 700° C. for 3 hours so as to crystallize the thin
film 6.

When crystal structure of the thin film 6 manufac-
tured in the second embodiment was examined by X-ray
diffractometry, the film was proved to be a polycrystal-
line film having no preferred orientation. An optical
microscope measurement showed that although the film
is polycrystalline, it has an arabesque bubble-like mag-
netic domain structure and was an excellent vertically
magnetized fiim having the following superior charac-
teristics. |

More specifically, as shown in FIG. 13, the hysteresis
of the Faraday rotation angle 8 of the thin film 6 as a
function of a magnetic field H applied along a direction
perpendicular to the film plane exhibited an excellent
squareness. The magnetic torque measurement revealed
that the film is a vertically magnetized film. The film
had a large Faraday rotation angle 8f of about 1.5 de-
gree and a sufficiently large coercive force H. of about
200 Oe. Thus, the thin film 6 has very desirable proper-
ties as a magneto-optic recording material. These may
indicate that the film 6 contains the large amount of Bi
up to its solid solution limit, applying a large perpendic-
ular magnetic anisotropy. In FIG. 13, a light source for
measuring the Faraday rotation angle 0 was a He-Ne
laser (wavelength: 6328 A). The measurement was per-
formed by transmitting light through the thin film 6.

The thin film 6 formed in this manner has relatively
small surface roughness adequate to the magneto-optic
recording applications.

In this manner, according to the second embodiment,
a highly Bi-substituted rare-earth iron garnet thin film
which has excellent vertical magnetization characteris-
tics although it is polycrystalline can be formed on a
quartz glass substrate having a good productivity.

The magnetic thin film manufactured in the second
embodiment allows direct formation of a reflecting
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layer thereon, and therefore can be magneto-optic re-
cording medium able to thermomagnetically write

using a light with a relatively low power.
The third embodiment of the present invention will

now be described with reference to FIGS. 12 and 14.

By a sputtering method similar to that in the second
embodiment, an amorphous thin film 6 of (Y, Bi)3(Fe,
Al)sP12 having a film thickness of 0.8 um is formed on
a quartz glass substrate 7 heated to 440° C., as shown in
FIG. 12.

Then, as shown in FIG. 14, after replacing a target 4
mounted on an electrode plate 1 with a target 8 of SiQ»,
similar sputtering is performed using the target 8,
thereby forming an SiO; layer 9 on the thin film 6.
During this film formation, the quartz glass substrate 7
is held at room temperature. When the sputtering
power was 200 W and the sputting time was 30 minutes,
the obtained SiO; layer 9 had a thickness of 0.5 um.

A sample having a three-layered structure consisting
of the quartz glass substrate 7, the thin film 6 and the
510, layer 9 was annealed in air at 700° C. for 3 hours.

When X-ray diffractometry was performed, the thin
film 6 manufactured in this manner had no preferred
orientation as in the case of the thin film 6 manufactured
in the second embodiment. When the film 6 was ob-
served through an optical microscope, although it was

‘polycrystalline it was found to have an arabesque bub-

ble-ike magnetic domain structure and to be an excel-
lent vertically magnetized film having excellent charac-
teristics equivalent to those shown in FIG. 13. In this
embodiment, due to the presence of the protective film
constituted by the SiO» layer 9, out-diffusion of atoms
such as Bi contained in the thin film 6 and surface
roughening during annealing can be prevented, and
growth of crystal grains of the thin film 6 can be sup-
pressed.

In this manner, according to the third embodiment of
the present invention, as in the case of the second em-
bodiment, a polycrystalline vertically magnetized film
having excellent characteristics can be formed on a
quartz glass substrate 7 having an excellent productiv-
ity. In addition, due to the presence of an SiO; layer 9 as
a protective film, surface roughness of the thin film 6
resulting from annealing to crystallize the film can be
more effectively prevented than in the second embodi-

ment. Since out-diffusion of Bi from the thin film 6

during annealing can be prevented by the SiO; layer 9,
the annealing temperature can be set to be higher than
that in the second embodiment.

We claim:

1. A method of manufacturing 2 magneto-optic re-
cording film wherein a vertically magnetized film of a
Bi-substituted rare-earth iron garnet is formed on a
substrate, characterized in that a target consisting of an
oxide containing at least Bi atoms, Fe atoms and rare-
earth element atoms is sputtered, and the atoms consti-
tuting the oxide which are released from the target by
sputtering are deposited on the substrate which is held
at a temperature of 700° C. or lower, thereby forming
the vertically magnetized film consisting of the Bi-sub-
stituted rare-earth iron garnet. |

2. A method according to claim 1, wherein the target
has a formula (B1203)x(R203),(Fe203),(M203),,
{wherein R is a rare-earth element, M is an atom having
a valence of 3 or a group of atoms having a valence
equivalent to a valence of 3, and 0<x=3/2, O<y=3/2,
0<2<5/2, and 0=u=5/2},




4,608,142

9

3. A method according to claim 1, wherein the target
has a formula (B1203)x(R203)(Fex03)A(M203),
{wherein R is a rare-earth element, M is an atom having
a valence of 3 or a group of atoms having a valence
equivalent to a valence of 3, and 0<y=3/2, 1<(%)x-
+v=3/2, 3/2<2=5/2, and z+u=5/2]}.

4. A method according to claim 1, wherein the target
s a sintered ceramics consisting of coexisting multiple
phases having a formula Bi R ;(Fe, M)sO12 {wherein R
- 1s a rare-earth element, M is an atom having a valence of
3 or a group of atoms having a valence equivalent to a
valence of 3, and 1.5<a=9/2 and 2<(3)a+b=3}.

5. A method according to any one of claims 2 to 4,
wherein the atom having a valence of 3 or the group of
atoms having a valence equivalent to a valence of 3
represented by M 1s selected from the group consisting
of AB+, Ga3+, Sc3+, TI13+, and (Co2+ 4 Ti4+).

6. A method according to any one of claims 1 to 5,
wherein the substrate is a (111) oriented monocrystal-
line gadolinium galium garnet substrate.

7. A method according to claim 6, wherein the sub-
strate temperature is 350° to 700° C.

8. A method according to claim 1, wherein an amor-
phous thin film which can be converted into a Bi-sub-
stituted rare-earth iron garnet by iron garnet by crystal-
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lization is formed by sputtering, and the amorphous thin
film is crystallized by annealing.

9. A method according to claim 8, wherein the sub-
strate 1s a glass substrate.

10. A method according to claim 8, wherein the sub-
strate temperature is 300° to 500° C.

11. A method according to claim 8, wherein the sub-
strate temperature is 400° to 450° C.

12. A method according to claim 8, wherein the an-
nealing temperature is 500° to 900° C.
~ 13. A method according to claim 8, wherein an amor-
phous thin film which can be converted into a Bi-sub-
stituted rare-earth iron garnet by crystallization is
formed on the substrate by sputtering, a protective film
for preventing vaporization of Bi is formed on the
amorphous thin film, and annealing is performed so as
to crystallize the amorphous Bi-substitued rare-earth
iron garnet.

14. A method according to claim 13, wherein the
protective film is one member selected from the group
consisting of an SiO; film, a ZnO film, a TiO; film, a
CeO; film, a Si3Ny film, a BaF> film and a CaF, film.

15. A method according to claim 13, wherein the

protective film has a thickness of 500 A or more.
* %x X ¥ ¥



	Front Page
	Drawings
	Specification
	Claims

